It was found that Staphylococcus aureus usually survived within monocytes of normal rabbits for several hours without multiplication, but were eventually destroyed. However, there was variation in the intracellular behaviour in leucocytes of different rabbits in that cells from some donors began the slow destruction of the staphylococci shortly after phagocytosis.
INTRODUCTION
In a previous study (Kapral & Shayegani, 1959) it was reported that Staphylococcus a u r w could survive for several hours within rabbit mononuclear leucocytes. No multiplication or destruction of staphylococci was observed during this interval with the methods used. Subsequently attempts were made to determine the eventual fate of the surviving intracellular staphylococci.
Tissue culture procedures l%&ic chamber method. This tissue-culture procedure was the same as previously described (Kapral & Shayegani, 1959) with the exception that 0.2 ml. of 10% sodium bicarbonate solution was incorporated into the tissue-culture medium and the chambers placed under 5 % CO, to stabilize the pH at 7.4 during the long incubation period, Fifty pg. streptomycin/ml. medium was used in these experiments.
Suspended cultures. Suspensions of mononuclear leucocytes and Staphylococcus aureus 18-Z were prepared as previously described (Kapral & Shayegani, 1959) About 2 x 10s monocytes and 5 x 109 staphylococci were suspended in 1 ml. of 10 yo normal rabbit serum in Hanks solution. The mixture was centrifuged at 100g for 3 min., then placed in a water bath a t 37' for 5 min. The sedimented infected cells were washed three times with 10 ml. quantities of cold Hanks solution containing 10 yo normal rabbit serum. Samples of the washed infected cells were then placed in siliconized 50 ml. flasks containing 10 ml. of 10 yo normal rabbit serum in Hanks solution at pH 7-2. The suspensions were kept agitated by Teflon stirring bars driven by a magnetic stirrer. After 1 hr. incubation streptomycin was added to medium to give a final concentration of 50 pg./ml. Samples were removed and treated according to Cohn & Morse (1959) with the exception that the cells were lysed by 5 yo saponin solution and that counts of viable (trypan blue negative) leucocytes were also done on each sample.
RESULTS
A series of experiments was performed with normal rabbit monocytes infected with Staphylococcus aureus 18-Z in plastic tissue-culture chambers. Figure 1 illustrates some representative results. There was considerable variation in the intracellular survival of S . aureus 18-2 within monocytes of different rabbits. In one case (A) there was a persistent survival for 30 hr. In another instance (B) there was a period of survival followed by destruction. In still other rabbit monocytes (C, D) staphylococci were destroyed without any evidence of a period of survival.
In many experiments the serum of the rabbit donating the cells as well as the rabbit serum used in the tissue-culture medium was tested for the presence of antibody against soluble products of the test organism by the method of Elek & Levy (1950) . In these cases no detectable precipitating antibodies were found; therefore, the rabbits were assumed t o be normal, Diflerent multiplicity of infection. Since it was possible that the late destruction of strain 18-Z might somehow be dependent on the number of organisms per cell, experiments were performed with different multiplicities of infection using cells from the same rabbit. It was noted that the eventual destruction of intracellular staphylococci did not depend on the multiplicity of infection. This is illustrated in Fig. 2 where multiplicities of 25 and 100 staphylococci per monocyte were used to yield different initial infectivities, yet the fate of the organisms was the same in both instances.
Destruction within monocytes maintained in suspension. Studies using suspended 
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Since streptomycin was routinely incorporated into the tissue-culture medium, there was a possibility that this antibiotic might penetrate into the monocytes, which could in turn account for the intracellular destruction of staphylococci.
The following experiments are reported since the data tend to indicate that streptomycin does not seriously interfere with the intracellular behaviour of staphylococci. Diffwent concentrations of streptomycin in tissue-culture medium. A series of experiments was performed with monocytes from one rabbit to compare the effect of different concentrations of streptomycin in the tissue-culture medium on the rate of destruction of intracellular staphylococci. It seemed reasonable to assume that if the streptomycin would slowly penetrate into the monocytes, a higher concentration in the tissue-culture medium would increase the rate of penetration and perhaps increase the rate of killing of intracellular staphylococci. Fig. 4 illustrates the results obtained under the conditions in which 10, 50, 250 and 1250 pg. streptomycinlml. medium were used. Under these conditions the intracellular destruction
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in the presence of 10-250 ,ug./ml. was essentially the same. It should be noted, however, that after 26 hr., streptomycin in a concentration of 10 ,ug./ml. medium no longer suppressed the extracellular multiplication of S. aureus 18-2. It was because of such failures of low concentrations of streptomycin reliably to control the extracellular population of the strain that higher concentrations were routinely used. When 1250 pg. streptomycin/ml. medium was used, there appeared to be a slightly greater decline in the intracellular staphylococci, but it is difficult to say whether this is significant. Delayed infection of monocytes. It was also thought that if the intracellular staphylococci were destroyed by the slow penetration of Streptomycin rather than by the innate capacity of the monocytes, it might result in increased killing if the monocytes were allowed to equilibrate with streptomycin before infection.
It was found that monocytes adhering to coverslips in tissue-culture chambers for some 2430 hr. (in medium containing 50 pg. streptomycin/ml. medium) could readily phagocytize organisms which were introduced into the chamber. Fig. 5 shows that the behaviour of staphylococci within monocytes kept in medium containing streptomycin for 24 hr. before infection was similar to that found if phagocytosis had occurred immediately.
Infection with streptomycin-resistant mutartt. Monocytes from one rabbit were placed in tissue culture in the presence of 50 pg. streptomycin/ml. for 30 hr. At this time the cells were infected with either strain 18-2 or the streptomycin-resistant strain 18-Z SW. Streptomycin (50 ,ug./ml.) was present in the medium in both cases, but in cultures infected with the streptomycin-resistant mutant, 40 pg. Kanamycin/ml. was also added to control kxtracellular multiplication. It will be seen (Fig. 6 ) that these strains behaved similarly within the cells; therefore, it is not likely that the killing was due to the presence of streptomycin within the leucocytes. However, since Kanamycin was used to control the extracellular streptomycin-resistant mutants a possibility remains that the leucocytes became 'permeable' to both drugs after a time and the destruction actually resulted from the antibiotics. It may also be noticed that the organisms were killed early and continually in these particular cells,
DISCUSSION
Tissue-culture methods offer an experimental approach to the study of intracellular bacterial pathogens. However, the conditions are such that extracellular multiplication of the organisms can be misinterpreted as intracellular multiplication if continuous phagocytosis by the host cells proceeds. Antibiotics (e.g. streptomycin) were incorporated into the tissue-culture medium in order to reduce this possibility by inhibiting extracellular multiplication. However, the possibility remains that the antibiotic so used may penetrate the host cells and thereby become bactericidal or bacteriostatic for intracellular organisms. There is no obvious direct experimental method to disprove such a possibility. It appears very likely that streptomycin enters leucocytes by means of pinocytosis, but this does not necessarily imply that the antibiotic can actually come into contact with the intracellular organism. The membrane about the vacuoles might still prevent penetration of the De8truction of intracellular staphylococci 6,43
antibiotic into cytoplasm or the vacuole containing the organism. However, indirect experiments were performed to determine any gross effects of streptomycin on the behaviour of the intracellular staphylococci. The removal of most of the extracellular organisms by repeated washing gave results similar to those when streptomycin was used, but this procedure was impractical for long periods. Furthermore, the intracellular behaviour was not critically dependent on the Streptomycin concentration in the medium, nor did pre-incubation of cells in the antibiotic alter the fate of the phagocytized staphylococci. The fact that tubercle bacilli and brucella can multiply within monocytes in the presence of streptomycin (Suter, 1953; Hsu & Kapral, 1960; Berthrong & Hamilton, 1959; Pomales-Lebron & Stinebring, 1957; Murate, Stinebring, Schaffner & Lechevalier, 1959) lends support to the idea that this antibiotic does not drastically affect intracellular organisms.
The results reported here also indicate that the intracellular behaviour of staphylococci may differ in leucocytes from different rabbits. Since no detectable precipitating antibody was demonstrated in the sera of these animals it was presumed that these rabbits had had no recent major contact with the organism. This variation suggests the possibility that there may be an inherent difference in the leucocytes from different donors, but the variation might also result from subtle differences in the manipulation of the cell preparations.
The prolonged intracellular survival of Staphylococcus aweus might explain part of the pathogenesis of staphylococcal infections. Kapral & Li (1960) and Li & Kapral(l962) showed that 8. aweus 18-z (and derived coagulase negative mutants) when injected intravenously into rabbits survived (without apparent multiplication) in the lungs, liver, and spleen for as long as 2-3 weeks. It is possible that the organisms persist within reticulo-endothelial cells of these organs, but proof of this is lacking.
